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(S4) Apparatua and methoda for completing a wellbore 



(57) Apparatus and methods (or completing a well- 
bore are diecloeed. Certain of the apparatus and meth- 
ods use a first packing assembly (202), a second pack- 
ing assembly (204), and a pressurization assembly 
(206) dlspoaad between the first and aecond packing 
assemblias to ptastk^Dy deform a finer ( 1 22) in a radially 
outward direction via hydraulie pressure. Another meth- 
od uses a Ikwr (802) having a first soctkm (604) and a 
second sedkin (606). and a packhg assembly (600). 
The first sectksn (604) is def ormable In a ladiaHy outward 
direction at a lower pressure than the second sactkxi 
(606). The packing assembly (600) is used to plastk;ally 
defonn the first section (604) of the liner (602) in a radi- 
ally outward direction via hydraulic pressure. 
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DMcrlption 

[0001] The present Invention pertains to thooomple- 
tion of wellbores. and. more particularty. but not by way 
of llmiiation. to improved apparatus and methods for 
completing lateral vveHbores in multilateral welts. 
[0002] Horizontal well drUling and produclion have be- 
come increasingly important to the o« industry in recent 
years. While horteontal wells have been known for many 
years, only relatively recently have such welb been de- 
temiinedtobea cost-eflective alternative tooonvention- 
al vertical well drilKng. Atthough drilling a horizontal well 
usually costs more than Ms vertical counterpart, a hori- 
zontal well frequently imprwes production by a factor of 
five, len» or even twenty in naturally^ractured reser- 
voirs. Generally, proiectedproductivityltamahorizontal 
weQbore must triple that of a vertieai wettxwa for hori- 
zontal drilling to be eoonomical. This increased produc- 
tion minrnizes the nunrtber of plafforms. cutting Invest- 
ment, and operation costs. Horizontal drilling makes 
reservoirs in urban areas. penT«froel zones, and deep 
offshore waters more accesstolo. aher applk:ations for 
horizontal wellbores include periphery wells, thin reser- 
voirs that would require too many vertical wellbores, and 
reservoirs with coning problems In which a horizontal 
weitbore lowers the drawdown per fool of reservoir ex- 
posed to stow down coning problems. 
[0003] Some wellbores contain multiple wellbores ex- 
tending ialerally from the noain wellbore. These addition- 
al lateral wellbores are sometimes referred to as drain- 
holes, and main wellbores oontainhg more than one lat- 
eral wellbore are referred to as multilateral welb. Multi- 
lateral wells aUow an increase in the amount and rate of 
productkxi by increasing the surface area of the well- 
bore in contact with the reseivoir. Thus, multilateral 
wens are beccming Increasingly important, both from 
the stan<^oint of new drilling operations and from the 
reworicing of existing wellbores. Including rsnrtedial and 
stimulation work. 

[0004] As a result of the foregoing increased depend- 
ence on and importance of horizontal wells, horizontal 
well completion, and partcularly multilateral well com- 
pletion, have been important concerns arid continue to 
provkie a host of difTtcult problems to oveicome. Lateral 
completion, particulariy at the junctton between the main 
and lateral wellbores. is extremely important to avoid 
collapse of the wellbore in unconsolidated or weakly 
consolidated fomiations. Thus, open hofe completions 
are limited to competent rock formattorts; and. even 
then, open hole cornpletions are inadequate since there 
is limited control or ability to access (or reenter the lat- 
eral) or to isolate productkxi zones within the welllxxe. 
Coupled with this need to complete lateral wellbores is 
the growing desire to maintain the lateral wellbore size 
as ctose as posstole to the size of the primary vertk^l 
wellbore for ease of drilling, completton. and future 
workover. 

[OOOS] The problem of lateral wellbore (and partlcu- 



larty multilateral wellbore) complotion has been recog- 
nized for many years, as reflected in the patent Ntera- 
ture. For example. U.S. Patent No. 4.807.704 disctoses 
a system for conr^leting multiple lateral wellbores using 
5 a dual packer and a doHoctive guide member. U.S. Pat- 
ent No. 2.797.893 discloses a nwlhod for completing lat- 
eral wells using a flexible liner and deflecting tool. U.S. 
Patent lsk>. 2.397.070 similarty describes lateral well- 
bore completion using flexible casing together with a 
f 0 ctosure shieU for ckising off the lateral. In U.S. Patent 
No. 2,858.107, a removable whpstock assembly pro- 
vkles a means for kxating (e.g. accessing) a lateral sub- 
sequent to completion thereof. U.S. Patent Nos. 
4.396.07S; 4,415.205; 4.444.276: and 4.573.541 all re- 
ts late generally to methods and devices for multilateral 
conplettons using a tenptato or tube gukle head Other 
patents of general interest in «w field of horizontal well 
corr^letion ^lude U.S. Patent Nos. 2.452,920 and 
4.402.551. 

SO pooq l^e recently. U.S. Patent Noe. 5.318,122; 
5.353.876; 5.388.648; and 5.520,252 have disctosed 
methods and apparatus for sealing the juncture be- 
tween a vertkai well and one or more horizontal wells. 
In addition, U.S. Patent No. 5.564.503 discloses several 

ss methods and systems for drilling and completing multi* 
tateral wells. Furthennore, U.S. Patent Nos. 5.566.763 
and 5.613.559 both disctose decentralizing, centraliz- 
ing, tocattng. and orienting apparatus and methods tor 
multilateral well drlDmg and completton. 

30 [0007] Nohwithslanding the above^lescribed efforts 
toward obtaining cost-effective and woricable lateral wen 
drUUng and complettons. a need still exists for improved 
apparatus and methods tor completing lateral well- 
bores. Toward this end there also remains a need to 

3S mease the economy in lateral welbore complettons. 
such as. for example, by minimtzing the number of 
downhofe trips necessary to drin and complete a lateral 
welibore. 

[0008] The invenlton relates to apparatus and meth- 
40 ods for completing a wellbore. In one prefened embod- 
iment the apparatus and methods use a first packing as- 
sembly, a second packing assembly, and a pressuriza- 
tton assembly (fisposed between ihe first and second 
packing assemblies to plastfeally deform a Bner in a ra- 
45 dially outward direction via hydraulto pressure. Another 
preferred embodiment uses a Iner having a first eectton 
and a second eectton. and a packing assembly. The first 
ftection is deformable in a radiaBy outward direction at 
a tower pressure than the second section. The packing 
so assembly is used to plasUcally deform the first seciton 
of the finer in a radially outward directton via hydraulto 
pressure. 

[0009] One aspect o1 the present invention comprises 
a oon^totton apparatus for coupling to a work string and 
5$ for use within a Mner of a wellbore. The completion ap- 
paratus includes a first packing assembly lor creating a 
flukJ tight seal against a liner in a wellbore; a seoorKi 
packing assembly for creating a second fluid tight seal 
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against the Iner and a prossurizalion aseombly dis- 
posed between the first and second packing assem- 
blies. 

[0010] In another aspeci the preservt invention conv 
prises a method ot completing a weUbcre. A liner Is dis- 
posed in a wellbore, A first packing assembly, a pres- 
surization assembly, and a second packing assembly 
are coupled to a work string. The work string is run into 
the liner. A fluid tight seal is created between the first 
packing assembly and the Bner. and a fiuid tight seal is 
created between tho second packing assembly and the 
liner. FlukI is pumped down the work string to the pres- 
sufizatkxi assembly. The pressurizatkm assembly and 
flukl are utilized to pressurize an annulus defined by the 
pressurizatcn assembly, the liner, the first packing as- 
sembV. and the eeoond packing assembly. The pres- 
sure h t>e annuhis is Incfsased so as to deform the liner 
in a radtaJly outward direction. 
[001 1 J In a further aspect, the present inventksn com- 
prises a method of completing a wellxxe. A Bner is pio- 
vkied having a first section and a second section. The 
first section is defom^le in a radially outward directk>n 
at a kywer pressure than ^e second section. The liner 
IS disposed in a weUbore. Apacking assembly is coupled 
to a vtfofk siring, and the ¥*«rk string is run Into the liner. 
A fluid tight seal is created between the packing assem- 
bly and the liner. Fluid is pumped down the work string 
to pressurize an interior of the liner after the packing as- 
sembly. The pressure in the lnterk>r of the liner is in- 
creased so as to deform the first sectksn ol the liner in 
a radially outward direction. 
[0012] Reference ie now made to the accompanying 
drawings, in which: 

RQ. 1 is a schenr>atk:. cross-sectkral view of a por- 
tion of a muRliatera} wen Iriciuding a junctnn be- 
tween the main welbor© and a lateral welllyjre; 
no. 2 is a schematic, cfDss-sectlonal view of FIG. 
1 showing a portion of the sealing operatton per- 
fomned during completion of the lateral welibore; 
FIG. 3 is an enlargad. schematic, cross-sectional, 
fragmentary view of the junctwn ol FIG. 1 showing 
a schematic view of a first embodiment of an appa- 
ratus for completing the junclksn according to the 
present invention; 

FIG. 4 is an enlarged, schematic, cross-eectionai 
view of a first embodiment ol a packing assembly 
of the completkxi apparatus of FIG. 3; 
FIG. 5 is an enlarged, schematic, cross-sectional, 
view of a second embodimerU a packing assem- 
bly of the completion apparatus of FIG. 3; 
FIG. 6 is an enlarged. Bchematic. cress-sectional 
view of a pressurizatran assembly of tho completkxi 
apparatus of FIG. 3; 

FIG. 7 is an enlarged, schematic, lop sectional view 
ot an alternative embodiment of a lateral liner used 
in connection with the present invention; 
FIG. e is an enlarged. schomatkJ, cross-soctkxial. 



fragmentary view of the junction ot FIG. i showing 
a schematic view of a second embodiment d a 
packing assembly and a liner for completing the 
junctkxi according to the present inventkyi; 
5 FIQ. 9A is an enlarged, schemata. croes-sectk)nal. 
fragmentary view a first embodiment of the liner of 
FIG. B; 

FIG. 98 is an enlarged, schematic. cro6e-eectk)nal. 
fragmentary view of a second embodiment of the 
10 Unarof FIG.B:and 

FIG. 10 is an enlarged, schematic, top sectional 
view of a second altemative embodiment ot a lateral 
Rner used in connection with the present inventkm. 

ts [0013] The preferred embodimsnts of the present in- 
ventnn and their acMantages are best understood by re- 
ferring to FIGS. 1-10 of the drawkigs. like numerals be- 
ing used lor like arxj corresponding parts of the various 
drawings In acooidance with the present Invention, var- 
lous apparatus and methods for completing lateral wel- 
bores in a multilateral weH are described. It will be ap- 
preciated that the terms 'main* or -primary' as used 
herein refer to a main well or wellbore. whether the main 
well or wellbore is substantially vertical, substantially 
^ horizontal, or in between. It will also be appreciated that 
the tenn 'lateral* as used herein refers to a deviation 
well or wellbore from the main well or welftxve, or an- 
other lateral welt or wellbore. whether the deviatun is 
substantially vertlcai, substantially horizontal, or in be- 
30 tween. It will further be appreciated that the term "verti- 
car as used herein refers to a substantially vertical well 
or welbore. and thai the tenn "horizontal' aa uaed here- 
in refers to a substantially horizontal well or wellbore. 
|0014] In the oveiaa process of drilling and completing 
OS a lateral wellbora in a multilatoral welt the following gen- 
eral steps are performed. First, the main weHbore is 
drilled, and the mam wellbore casing Is ktstalled and ce- 
mented into place. Once the desired kjcatkm for a junc- 
tion is identified, a window is then created in the main 
40 well>ore casing using an orientatkm device, a multilat- 
eral packer, a hoQow whipstock. and a series of mills. 
Nexi. the lateral welttiore is driHed. and a liner is dis- 
posed in the lateral wel&>ore and cememed into place. 
A milt is then used to drill through any cement plug at 
45 thetopof ttraholknv whipstock and any portkm of the 
lateral wetbore liner extending into the main weRbore to 
reestablish a fluM communicating bore through the main 
welbore. Finally, in some lateral weUbores. a window 
bush'ng is disposed within the main wetn>ore casing, the 
so hollow whipstock. and tho muttitateral packer: The win- 
dow bushing facilitates the navigatnn of downhole tools 
through the junctkxi between the man wellbore and the 
lateral welbore. 

[001 6] The present inventksn is related to a portkin of 
BS the above-described process, namely the complet'ion cf 
the junction between the main welbore and a lateral 
welftxye. However, as described above, certain other 
steps are performed before such a junction may be com- 
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pleted. Referrtng now to FIG. 1. an exemplary junction 
100 between a main wenbore I02andalatefalwelbore 
104 Is mustrated. Main walBx)re 102 is drilled us^ oorv 
ventlonal techniques. A main wellbore casing 106 is in- 
stalted in main wellbore 102. and cenrtent 108 Is dis- 
posed between main wellbore 102 and main wellbore 
casing 106, using conventional techniquos. 
(OOiq Ashearable work sUinghavinga window bush- 
ing locating pronie 110, an orientation nipple 112. a mul- 
titateral packer assembly 114. a holtow wtiipsiock 116. 
and a starter mill pilot lug (not shown) is run into main 
wellbore casing 106. Certain portions of such a work 
string are more fully disctoeod in U.S. Patent rtoe. 
5.613,559; 5.566,763; and 5.501.281. The work string 
is located at the proper depth and orientation wShtn main 
wedbore casing 106 using oorwentionai pipe tally and^ 
or gamma ray surveys for depth and measurement whfle 
driOng (MWD) orientation for azimuth. Packer assembly 
1 1 4 is set against main wellxye casing 106 using slips, 
packing elements, and conventional hydraulte. mechan- 
ical, or hydraulw and mechanfeal setting technk^ues. 
[0017] Using techniques more completely descrSied 
in the above-reterenced U.S. Patent Nos. 5,613.559; 
5,566.763; and 5.501.281, whipstock 118 is used to 
gukje work strings supporthg a variety d tools and 
equipment to drill and complete lateral well bore 104. 
First, a series d mills, such as a starter mill, a window 
mill, arid a watermekxi mill are used to create a wirnlow 
120 in main weflbora casing 106. Next, a drilling motor 
is used to driQ lateral wellbore 104 from window 120. A 
lateral wellbore liner 1 22 is then disposed within lateral 
weObore 104, and sealant 124 is dtspoeed between lat- 
eral we&bors 104 and finer 122. 
[0010] More spedfteally regarding the steps of dis- 
posing and sealing liner 122. liner 122 preferably has a 
generally cyfindrical axial bore and a generally cyHndri- 
cal external surface. Linor 122 is preferably made from 
steel, steel altoys, plastic, or other materials convent kx>- 
ally used for lateral Iners. A work siring 128 having a 
liner hanger 1 X. wiper plugs 1 32 and 1 33. and liner 1 22 
is run down main wellbore casing 106 untS liner 122 is 
deflected by hollow whjpetock 118. This deflection caus- 
es liner 122 to be disposed in lateral weltoore 104 and 
junctkx^ 1 00. Liner hanger 1 30 and wiper plugs 1 32 and 
133 remain disposed above window 12Q. Uner hanger 
130 is then set against main wellbore casing 106 using 
conventional technques. 

[0019] Referring to FIGS. 1 and2, cemenlmgof lateral 
wellbore 1 04 may be accompBshed by either one or two- 
stage cementing depending on the length of wellbore 
104. Typically, the length of lateral wellbore 104 is such 
that two stage cementing is preferred. In a two-stage 
cementing operation, liner 1 22 is equipped with a stage 
cementing tool 1 38. Stag© cementing tool 1 38 is initially 
in a first position that allows fluW communication within 
liner 122 past tool 138, but does not allow flukJconwnu- 
ncalkxi from liner 122 into the annulus between liner 
122 and lateral wellbore 104. A first stage of cement 



124a is pumped down drill string 128 and out a bwer 
end 1 36 of liner 122. First stage of cement 124a Is prsf- 
orably a conventior«f cement or conventional hardena- 
ble reso. Next, a conventional wiper dait (not shown) is 

5 purrped down driQ strhg 128 to land at wiper plugs 1 32 
and 133. After landing, applied pressure releases wiper 
plug 132 and altows it to be pumped down to, and seal 
off. lower end 1 36 of liner 122. This displacement of wip- 
er plug 132 causes first stage of cement I24a to flow 

10 throughout the annulus between liner 122 and lateral 
wellbore 104 up to stage cementing tool 138. An in- 
crease in pressure may be obeenred lop hole by con- 
ventional pressure measuring devices upon the landing 
of wiper plug 1 32 in kwer end 1 36, 

IS [D02q] Continued i^licalion of pressure moves 
etsQe cementing tool 1 38 to a eeoond poeition that pre- 
venu fluU oommunicfllion wlhln Iner 1 22 past stage ce- 
menting tool 138. but allows fluid communfcatkm from 
finer 122 into the annulus between liner 122 and lateral 

io welbore 104. A second etage of sealant 124b te then 
pumped down drill string 128 and into liner 122. Next, a 
second wiper dart (not shown) Is pumped down drill 
string 128 to land at wiper plug 133. After lancSng, ap- 
plied pressure releases wiper plug 1 33 and allows it to 

S6 be pumped down to. and seal off, liner 1 22 at stage ce- 
menting tool 138. This disptecement of wiper plug 1 33 
causes second stage of sealant 124b to now through 
stage cementing tool 1 38 and into the annulus between 
lateral wellbore 104. main wellbore casing 106. and liner 

30 1 22 up to a top portion 1 34 of Hner 1 22. posttkming seal- 
ant 124b throughout junction 100. Once wiper phig 133 
lands at stagecementing tool 138. continued applcatton 
of pressure moves stage cementing tool 138 tea thifd 
positkxi. preventing further circulatton or baekllow d 

3S 6ealant124b. 

(0021] Sealant 124b b preferably a specialized mul- 
tilateral junction cementttloue sealant, or a specialized 
multilateral junction elastomeric sealant A preferred ex- 
anp\& of such a cementitious sealant is M-SEALd sokJ 

40 by Halliburton Energy Senrnes of Carrolllon. Texas. 
Such cementitious sealants are characterized by rela- 
tively low ductility and high oompreseive sUength, as 
compared to such elastomeric sealants. A prefened ex- 
ample of such an elastomeric sealant is FLEX-CEM6 

4S sow by Halliburton Energy Senrices of CarroDton. Tex- 
as. Such elastomeric sealants are characterized by rel- 
atively high ductflily and low compressive strength, as 
compared to such cementitious sealants. Altematively. 
convent wnal cement or a conventional hardenable resin 

^ may be used as second stage sealant 1 24b. 

[0022] Referrtng now to FIG. 3. an enlarged, schemat- 
ic, cross-sectional, view of a completion apparatus 200 
according to a first, preferred embodiment of the present 
inventkx> is shown disposed within jurictkxt 100. Com- 

S6 ptetkxi apparatus 200 preferably comprises a holtow 
mandrel having a tower packing assembly 202, an upper 
packing assembly 204. and a pressurizatkxi assembly 
206. Completkxi apparatus 200 is preferably coupled to 
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wortc string 128 above a supporting mandrel 140 for wip- 
er plugs 1 32 and 1 33. and lower packing assembly 202. 
upper packing assembly 204. and prsssurtzaftion as- 
sembly 206 are preferably coupled to each other by tool 
loints or other conventional means (not shown). Al- 
though not shown in FIGS. 1 and 2 for ctarity of illustra* 
tion. liner 122 is preferably fomned with a no-go shoulder 
142 and an annular polished bore receptacle 144 below 
no-go shoulder 142. 

[0023] As shown in FIGS. 3 and 4. lower packing as- 
sembly 202 prefeiably includes a seal assembly 205. 
and a no^ sleeve 207 for mating with no^ shoulder 
142 of liner 1 22. Seal assembly 205 preleratoly compris- 
es a plurality of annulai sealing elements 206. such as 
convontk3nal o-finga or packing devces. and an annular 
spacer member 210. both of Miich are disposed within 
V) armular recess 212 on the external surface of kywer 
packing assembly 202. Sealing elements 208 frictkxuilty 
engage polished bore receptacle 144. whki) le focated 
on the inner diameter ol liner 122 and generally sur- 
rounds annular recess 212. Polished bore receptacle 
144 cooperates with annular sealing elements 208 to 
create a fluid-tight seal. 

[0024} Anematively, as show in FIGS. 3 and 5, lower 
pffi;king assembly 202 may conipnse a conventional 
packer 220 having slips 222. packing elements 224, and 
actuating means 226. Packer 220 may be hydraulically. 
mechanicafty. or hydraulteaity and mechanfcaOy set via 
actuating means 226 so that packing elemenU 224 cre- 
ate a fluid tight seal against liner 1 22. As shown in RG. 
5. when conventional packer 220 is used for k>wer pack- 
^assembly 202. iner 122 may be tomwd without no- 
go shoulder 142. i desired. 

[00aS\ Upper packing assembly 204 preferably has a 
substantiaDy similar stmcture to k>wsr packing assem- 
biy 202. If seal assembly 205 is utiHzed for lower packing 
assembly 202. upper packing assembly 204 preferably 
utilizes a sim9ar seal assembly that mates with a pol- 
ished bore receptacle located on the inner cfiameter of 
liner 122 bebw Bner hanger 130. If packer 220 is used 
lor lower packing assembly 202, upper packing assem- 
bly 204 preferably utilizes a similar packer designed to 
operate within the inner diameter of liner 1 22 proximate 
Iner hanger 130. However, as shown in FIG. 3. upper 
packing assembly 204 does not roquirs a rK>^ sloovo. 
[0026] Referring now to FIGS. 3 and 6. an enlarged. 
Bchematte. cross-sedtonal view of pressurtzation as- 
sembly 206 is illustrated. Pressurizatkxi assembly 206 
preferably comprises an a lower sub 250. an upper sub 
252 removably coupled to lower sub 250, and a sealing 
sub 254 disposed within fower sub 250. 
[0027] Lower sub 250 preferably includes internally 
threaded pons 256a and 256b that provide a fluki com- 
municating path between an axial bore 256 of lower sub 
250 and an annuhis 146 (FIG. 3) defined by an extemal 
surface 260 of pressurizatkxi assembly 206, an intomal 
surface of liner 122. k>wer packing assembly 202. and 
upper packing assembly 204. Conventional rupture 



disks 262a and 262b are preferably removably con- 
tained in ports 256a and 2S6b, respectively. When con- 
tained In ports 2S6a and 256b, mpture disks 262a and 
262b create a fluid tight aaal between the intenor of pres- 

5 surization assembly 206 and annulus 1 46. A preferred 
nipture disk for rupture disks 262a and 262b is the disk 
sold by Oklahoma Safety Equipment Company (OS- 
ECO) of Bioksn Arrowi Oklahom& 
[0028] Although not shown h FIG. 6. other conven- 

10 tkxuU fluki bypass devices other than a nipture disk 
such as a ban drop drculathg valve, an internal pres- 
sure operated ciicutaUng valve, or other conventional 
circulating valve may be operatively coupled with ports 
256b and 256b. A pretetred internal pressure operated 

IS drculatingv^isthelPOCIinilatingNfelveaoklbyHal- 
liburton Enetgy Senricoa of CairolRon. Texas. AD of 
these fluM bypass dsvfoes. lncludhgnjpturscfielcs262B 
and 262b. have a first mode of operatfon mat doea not 
aUowfluM loffow through ports 2S6a and 2S6b Intoan- 

20 nutps 146. and a second mode of operatfon that aflows 
fluki to flow tttrou^ ports 256a and 2S6b into annulus 
146. 

[0029] Lower sub 250 also preferably includes ports 
264a and 264b. Each of ports 264a and 264b provkte a 

2S fiukf communicating path between the intertor of pres- 
surtzation assembly 206 and annulus 146. Axial bore 
258 preferably has an annular shouWer 265 and threads 
267 disposed above ports 264a and 264b. 
[0030] Sealing sub 254 preferably includes an annu- 

30 lar supporting member 266 and an annular, elastomeric 
sleeve 268 ooupfod to a tower end of supporting mem- 
ber 266. Sleeve 268 is preferably adhesively ooi^3led to 
supporting member 266 atong a portton 270 and shoul- 
der 272 of sifpod member 266. When coupled togeth- 

X er. supportifig member 266 and sleeve 268 dofino an 
axial bore 274 mi an external surface 276. Extemal 
surface 276 has an annular recess 278 proximate ports 
264a and 264b: a shouUer 280 for mating with shoulder 
265 of lower sub 250, and an annular slot 282 above 

40 annular recess 278. An o-rtng 284 Is disposed in slot 
282 and creates a fluid tight seal between sealing sub 
254 and tower sub 250. In Us undeftoeted positfon. as 
shown SI FIG. 6, a tower end 266 of sleeve 268 creates 
a flu id tight seal against axial bore 258 of tower eub 250. 

45 [D031] Lipper sub 252 preferably Incfodes an axial 
bore 288. en extemal surface 290.anda tower end 292. 
Extemal surface 290 prefeiably includes an annular 
shouUer 294 for mating with tower sub 250. an annular 
slot 296. and threads 298 for renxivably engaging 

60 threads 267 of tower sub 250. An o-ring 300 is disposed 
within annular stot 296 to create a flukJ tight seal be- 
tween tower sub 250 and upper sub 252. Lower end 292 
abuts support member 266 of sealing sub 254. 
[0032] Having descrtood the stnjcturo of completkxi 

ss apparatus 200. the operatton of completton apparatus 
200 so as to conplete )urx:tton 1 00 vrill now be described 
in greater detail. Referring to FIGS. 1-6 in combination, 
after wiper plug 133 is landed at, and seals olf, stage 
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cementing tool 1 38. work siring 128 te pulled above top 
poftion 134 of Iher 122. Exeestt sealant witHin work 
strinfl 1 28 and above top portion 1 34 of finer 1 22 Is then 
circulated out of the weD. 

[0033] Next, work string 128 Is run into liner 1 22 until 
no-go sleeve 207 of kywer packing asserrOly 202 con- 
tacts no-go shoulder 142 of Bnof 122. At this point, a 
fluki light seal is created between seal assennbly 205 ol 
tower packing assembly 202 and polished bore recep- 
tacle 144 of liner 122. Alternatively, if packer 220 is uti- 
lized as tower packing assembly 202. packer 220 is sat 
to create a fluki light seal against finer 1 22. Also at this 
point, a fluW tight seal is created between upper packing 
assembly 204 imt linef 122 h a manner substantially 
similar to thai described Immadtately above for tower 
packhg assembly 202. Noijo8houWer142ollinef 122 
is positk)f>ed within lateral weltjore 104 so thai tower 
p«Hung assembly 202 is tocatod betow window 120. 
and so that upper packing assembly 204 is tocated 
above window 120. within junctton 100. 
[0034] When tower packing assembly 202 and upper 
packing assembly 204 use seal assemblias 205. the 
pressure on the drilling mud. vvater, or other ffuW already 
within annukjs 146 will increase as tower packing as- 
sembly 202 and upper packing assembly 204 seal 
against Ik^er 1 22. Belore no-go sleeve 207 engages no- 
go shoukJer 142, such an increase in pressure, applied 
across the differential areas of tower packing assembly 
202 and upper packing assembly 204, may cause a hy- 
draulic tock effect preventing further insertion of work 
etring 1 28 Into Hner 122. In additton. when tower packing 
assembly 202 and upper packing assembly 204 use 
conventtonal packers 220, a similar hydraulic tock ellect 
may create problems for conventtonal packers 220 that 
emptoy a downward setting motton. 
[0035] However, such an increase in pressure is re- 
lieved by sealing sub 254 of pressuflzation assembly 
206 n the foltowtng manner. Due to the increase in pres- 
sure. flukJ enters ports 264a and 264b to the point where 
n fills annular recess 278. The pressure in annular re- 
cess 278 builds to the point where lower end 286 of elas- 
tomeric sleeve 268 temporarily deflects inwardly, un- 
seathg from axial bore 258 of tower sub 250. Such un- 
sealing altows fluid to ftow fiom annular recess 278 into 
the ntertor of pressurizatton assembly 206, reducing the 
pressure in annutus 146 and eliminating the above-de- 
scnbed hydraulic tock problams. 
[Ot36| Next, a fluid tight seal Is created proximate the 
end of work string 128 betow tower packing assembly 
202. Such a flukJ tight seal is preferably formed using a 
wire-line plug, by pumping a plug down work string 128. 
Of other conventional lochnk^ues. A preferred ptog is the 
X-LockC Plug sow by Halltourton Energy Senrtces of 
Carrollton. Texas. 

[0037] Next, a flukJ such as virater or drilling mud is 
pumped down work string 1 28. Due to the flukl tight seal 
created by the plug at the end work string 128. the pres- 
sure within pressurizatton assembly 206 is increased to 



the point where rupture disks 262a and 262b njpture. 
The rupturing of rupture disks 262a and 262b places the 
hlertor of pressurization assembly 206 In fluto conrwnu- 
nicalton with annulus 146 via ports 256a and 256b. AI- 
s temalively. if a flukJ bypass device other than njpture 
disks are utilized, such pressurizatton causes the fluid 
bypass device to enter its second mode of operation that 
allows nukl to ftow through ports 256a and 256b to an- 
nulus 146. 

10 (0036| Next, the pressure within work string 1 28, and 
thus annulus 146, is prelerably continuously and grad- 
uaOy increased so as to plastically deform the port ton of 
iner 122 between tovirer packing assembly 202 and up- 
per packing assembly 204 radially outward toward win- 

« dow 120. main welbore casing 106. and lalefsliwelbore 
104. ft will be appreciated that if a cementitious sealant 
or conventtonal cement Is used tor sealant 1 24 proxl- 
male junctton 100. such defomrwtton of finer 122 must 
occur before the cemeniitioua sealant or cement hard- 

so ens. However. If an elastomeric sealant is used for seal- 
ant 124 proximate junctton 100. such delormatton may 
occur before, or after, the elastomeric sealant hardens 
due to the ductility of the sealant. 
[0O39J Such deformation d liner 1 22 provtoes signif- 

ss Kant advantages in the completkm of junction 1 00. First 
as liner 122 is deformed radially outward, sealant 124 
in the portion ol the annutus between liner 122. main 
wellbore casing 106. and lateral weHbore 104 within 
junctton 100 is placed in oompresston. Such compree- 

30 sion provides a higher pressure rating for junctton 100 
during subsequent oomplelton or produclton operattons 
in the multilateral well. 

IP040] Second,becausewindow120isdefinedbytho 
intersection of cyllndrtoal main wellbore casing 1 06 and 

M generally cylindrical lateral welbore 104. window 120 
has a generally elliptical shape, with a major axis gen- 
erally parallel to the tongiludhal axis of main wellbore 
casing 106. Therefore, the outward deformatton of liner 
122 works to dose the johts or gaps between liner 1 22 

40 afKS window 120 present at the top and bottom cA win- 
dow 1 20. Such joint ck>suro in turn minimizes leak paths, 
and thus leaks, within junctton 100. In situattons where 
the outward defomialton of liner 1 22 may result in metal 
to metal contact of liner 122 and window 120, it is prel- 

45 arable to use a rainforced liner 122 to insure that any 
jagged or sharp edges on window 120 do not pierce Itoer 
122. 

(0041] Third, the outward deformatton of liner 1 22 in- 
creases the inner diameter of liner 1 22. This increase in 

so ffmer diameter results in a larger ftow path for petrotoum 
from lateral welRKxe 104. increasing the productivity of 
the well. This increase in hner diameter also results in 
a larger ctoarance for downhole tools to enter and exit 
lateral wellbore 104 during subsequent completion or 

ss production operattons. 

[0042] It will be appreciated that after liner 122 has 
been deformed radially outward via hydraulic pressure 
as described hereinabove, a second work string with a 
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ftuhg mandrel may optionaBy bo run down main well- 
bore casing 106 and through junction 100 to inaure ad- 
oquaio detom^tion of liner 122. 
[0043] Referring now to FIG. 7. an enlarged, schemal- 
ic, top sectional view of an alternate lateral liner I22a 
that may be used in connection with completion appa- 
ratus 200 Is illustrated. Lateral liner 1 22a is formed with 
a grooved Internal surface 500 and a grooved external 
surface 502. Liner 1 22a thus preferably has a cross-sec- 
tion 504 resembling a bellowe. The geometry of grooved 
surfaces 500 and 502 facilitate the outward defomnation 
of liner 122a at tower pressures. A tower pressure re- 
quirement for the outward defomiation of liner 122a in 
turn reduces the risk ol faUure of the seals created by 
lower packing assembly 202 and upper packing assem- 
bly 204. In addftion, as compared to a iner with a gen- 
eralV cylindrical cioes-eectioo, Bnec 122a provWee a 
larger, expanded outer diameter from a smaller, unde- 
formed, run in outer diameter. As shown h FIO. 7. 
grooved suftaces 500 and 502 preferably comprise 
grooves having a 'sinusoida!* cross-eectton. However, 
grooved surfaces 500 and 502 nruiy alternatively com- 
prise grooves having a 'saw tooth', 'square tooth', or 
other cross-sectional geometry. In addition, preferably 
only tho portion ol liner 1 22a between tower packing as- 
sembly 202 and upper packing assembly 204 is fomoed 
with grooved external surface 502, and the remainder 
of liner 122a is fomned with a generally cylindrical exter- 
nal surface. 

[0044] Referring r>ow to Fl G 8, an enlarged, scherrat- 
ic, croes-sectional, view of a packing assembly 600 and 
a Ikier 602 according to a second, preferred errtbodh 
mentof the present inventkan are shown dispoeed within 
junction 100. Packing assembly 600 is pfeferably cou- 
pled to work string 128 above supporting mandrel 140. 
end packing assembly 600 preferably has a ei^tantial- 
ly idenUcal stnjcture to upper pacWrig assembly 204 of 
completkxi apparatus 200. Liner 602 is preferably com- 
prised of an upper section 604. a tower section 606. and 
a tool joinl or other conventkxuil coupling mechanism 
608 coupling upper sectton 604 and lower section 606. 
Ahematively. liner 602 can be machined to have upper 
sectton 604 and tower sectton 606. without the need for 
a coupling mechanism 608. 

[0045] If seal assembly 205 is utilized lor packing as- 
sembly 600, liner 602 preferably Includes a poCshed 
bore receptacto 610 tocated on the inner diameter of lin- 
er 602 betow liner hanger 1 30. If packer 220 is used for 
packing assembly 600. polished bore receptacle 610 
may be eliminated, if desired. 

[0046] As shown in FIG. 9A. upper sectton 604 and 
tower section 606 are made from the same material or 
casing grade. Byway of illustration only, both upper sec- 
tion 604 and tower section 606 may be made of casing 
grade API N-80. which has a yieto strength of approxi- 
mately 80.000 psi (552 MPa). Upper section 604 pref- 
erably has a generally cylindrical axial bore 610 and a 
generally cylindrical external surface 61 2. Lower sectton 



606 preferably has a generally cylindrtoalaxtal bore 61 4 
a generally cylindrical external surface 616. However, 
upper sectton 604 has a wall thtokness 618 smaller than 
a wall thtoknese620 of kywer sectton 606. 

s [0047] As shown in FIG. 9B. upper sectton 604a pref- 
erably has a generally cylindrical axial bore 610a and a 
generally cylindrical external surface 612a. Lower sec- 
tion 606a has a generally cylindrical axial bore 614a a 
generally cylindrical external surface 616a. Upper sec- 

10 tion 604a has a wan thtokneee 6iea substantially iden- 
ttoal to a wan thtokness 620a of tower sectton 606a. 
However, upper eectton 604a and tower sectton 606a 
are made from ditlerent materials or casing grades. 
More specifically, upper sectton 604a is made from a 

15 matehal or casing gmde having a tower yiekl strength 
than the material or eating grade of tower sectton 606a. 
Sy way of Htostratton only, upper sectton 604a may be 
made Irxxn casing grade API K 55, whfch has a ytold 
strength ol approximately 55.000 psi (379 MPa), and 

20 lower sectton 606a may be made of casing grade API . 
N-80. whtoh has a yieto strength of approximately 
80.000 psi {552 MPa). 

[004^ In FIG. 9A, upper sectton 604 may also be 
made from a casing grade having a tower yie W strength 

25 that the casing grade used to make tower section 606. 
Atthou^ not shown In FIG. 9B, upper section 604a may 
also be formed with a smaller wall thickness 61 Sa than 
wall thickness 620a of tower section 606a. 
[0040] It is believed that by varying the waH thtokness 

30 and/or casing grade of upper section 604 relative to the 
wall thickness and/or casing grade of tower section 606, 
as descrtoed hereinabove, the design of liner 602 may 
be optimized so that for a given internal pressure, upper 
ftoctton 604 plastically deformB in a mdially outward di- 

55 rectton, and tower sectton 606 does not exhibit substan- 
tial racfial deformatton. 

[0050] Having descrtoed the structure of packing as- 
sembly 600 and Hner 602. the operation of these appa- 
ratus so as to comptete junction 100 will now be de- 

40 scribed in greater detail. Referring to FIGS. 1, 2, 4. 5, 8, 
9A. and 9B in combination, after v«per plug 133 is land- 
ad at. and seats off. stage cementing tool 138. work 
string 128 is pulled above top portion 134 erf liner 602. 
Excess sealant within work string 128 and above top 

4S portton134of liner602i8thencircutatedoutofthaweD. 
[0061] Next, work strtog 1 28 is nin into liner 602 until 
seal assembly 205 of packing assembly 600 creates a 
fluto tight seal against polished bore receptacto 610 of 
liner 602. An iiKrease in pressure may be obsewed top 

so hole by conventtonal pressure measuring devtoes when 
seal assembly 205 is properly seated against polished 
bore receptacto 610. Alternatively, if packer 220 is uti- 
lized as packing assembly 600, packer 220 is set to cre- 
ate a ftuto tight seal against liner 602 betow liner hanger 

66 130. 

[0062] Next, a fluid such as water or drilling mud is 
pumped down work string 1 28, Due to the fluid tight seal 
created by packing assembly 600 against liner 602, fluto 
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eventually fills all ol Niwr e02 below packng assennbly 
600 down to wiper plug 133 eealed In stage cementing 
tool 1 38. The pressure within work string 128. and thus 
Ivier 602, is preferably continuously and gradually in- 
creased so as to plastically deform upper section 604 
radiaOy outward toward window 120. the portion of main 
weDbore casing 106 proximate window 1 20. and the por- 
tion ol lateral weilbore 104 proximate window 120. As 
the deformation of upper section 604 oocuis. lower sec- 
lion 606 preferably does not exhibit substantial radial 
deformation. 

[00S3) Such defomiation ol upper section 604 pro- 
vides substtfitially the same, significant advantages in 
the oorrpletion of junction 100 as described herein- 
above lor completion apparatus 200. In addKion. upper 
eection 604 may be fonned with an external suiface 612 
•imilar to grooved external surface 502 of RG. 7. If de- 
sired. 

[00S4] Referring now to FIO. 10. an enlarged, sche- 
matic, top sectional view of an attemate lateral liner 700 
that may be used in oormaction with completion appa- 
ratus 200, or in the upper section 604 of liner 602« is 
illuslrated. liner 700 has an intertor cross-section 702 
made from steel, steel afloys, plastic, or other generally 
non-eteslomeric materials convenlionally used for later- 
al imers Interior cross-section 702 has an axial bore 
704. Liner 700 further has an exterior cross-section 706 
made from rubber or another conventional elartomeric 
material. When liner 700 is surrounded by sealant 124 
and plastically deformed as descnbed hereinabove, ex- 
leriof cross-section 706 insures an adequate seal of 
junction 100. Atlematlvely. liner 700 may be plastically 
deformed as descn^sed hereinabove but without the use 
of sdalant 124 in certain completiorw. In such oonnple- 
lions. exterior cross-section 706 ilseH seals against win- 
dow 120. main weHbore casing 106. and tateral weabofs 
104; 

[0055] From the above, one skilled in the art will ap- 
preciate that the present invention provides improved 
apparatus ard methods for conflating wetlbores. The 
present invention provides such improved completion 
without inhibiting the amount or rate of well production, 
or substanltally increasing the cost or complexity of the 
completion of the weltxxe. Significantfy. the present in- 
vention allows the operatiorw ol njnning a lateral lirwr, 
sealing a lateral liner, and plastically defonnirfg a lateral 
liner to be accomplished in a single downhoto trip. The 
apparatus and methods of the present invention are 
economical to manufacture and use in a variety o< down- 
hole applications. 

[0056] The present Invention is illustrated herein by 
example, and various modifications may be made by a 
person erf ordinary skiD In the art. For example, numer- 
ous geometries and/or relative dimensions couW be al- 
tered to accomnwdate specific applicatkans ol the 
present inventkxi. As another example, afthough the 
present invention has been described in connection with 
the completion of a junction between a ruain weilbore 



and a lateral weUbore in a multilateral well, it is tuOy ap- 
plicable to the cofrpletksn of a junction between a lateral 
weHbore and a second lateral wellx>re extending Irom 
the lateral weBbore, to completkan operations performed 
5 h other portions d a lateral welBiore other than such a 
junction, to completion operations performed in other 
portions of a main welbore. to casing repair operattons. 
or to window closures. 

10057] H is thus befiaved that the operation and con- 
ro etruction of the present invention will be apparent from 
the foregoing deser^ptksn. While the method and appa- 
ratus shown Of descr*)ed has been characterized as be- 
ing preferred It will be obvious that various changes and 
modificaUons may be made. 

15 

Clalma 

1. Aoon^letionapparatusforoouplingtoaworkstring 
20 (128) and for use within a imer (122) of a weObore, 

coir^ing: a first packing assembly (202) tor cre- 
ating a nuU tight seal against ttie liner (122); a sec- 
ond packing assembly (204) for creating a second 
fluti tight seal against the liner (122); and a pras- 
es surizalion assembly (206) disposed between the 
first and second packing assemblies (202.204). 

2. A completton apparatus according to claim 1. 
wherein ttie pressuriatton assembly (206) com- 

30 prises a pon (256a.2S6b) opening to an annulus 
(1 46) defined by the pressurization assembly (206), 
the liner (1 22). the first packing assenftiy (202). and 
Ihe second packing assembly (204). 

35 3. A completton apparatus acoonSng to claim 2. fur- 
ther comprising a fluid bypass devtoa operatlvely 
coupled with the port (256a2S6b) for not altowing 
flukj communfcatton with the annulus (146) In a first 
mode of operalton. and for altowing hydraulic pres- 
to 8urizaltonoftheannuhis(146)inasecondmodeof 
operation. 

4. A completion apparatus according to claim 3, 
wherein the pressurizatton assenlbly (206) com- 

45 prises a second port (264a,264b)anda sealing eub 
(254) operatlvely coupled with the second port 
(264a.264b) for relieving pressure In the annulus 
(1 46) when the first and second packing assemblies 
(202,204) are sealed against the liner (122). 

so 

5. A compkitton apparatus according to claim 3 or 4. 
wherein the hydraulic pressurizatton of the annulus 
(146) causes a portnn of the liner (122) between 
the first packing assembly (202) and the second 

s$ packing assembly (204) to deform in a radially out- 
ward directton. 

6. A completton apparatus according to claim 3, 4 or 
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5, wtwfoin Ih© fluid bypass device oomprisds a rup- 
ture disk (262a.262b). 

7. A corrvJietion apparatus according to any preceding 
claim, whflf etn the liner (l 22) is adapted to bo dis- s 
posed within a junction (lOO) between a main well- 
bore (102) and a lateral wetlbore (104) in a multilat- 
eral well. 



15. Amemodaocordingtoctalm13orl4, Miereinthe 
nrst and eeoorKl packing assemblies 
con^rise seal assemblies that mate with polished 
bore receplackM (144) tocated in the Kner (122). 

16. A method according to claim 13. 14 or 15, wherein 
the first and second packing assemblies (202.204) 
comprise packers. 



6. A completkjn apparatus according to any preceding 17. A method accordhg to claim 13. 14, 15 or 16, 

claim, wherein the first and second packing assem- wherein at least a portion d the liner (122) has 

blies (202,204) conrprise sea) assemblies that mate grooved intemal and external eurfacas. 
wfth pciished bore receptacles (144) k)cated in the 

Irier (122). A method accorcfing to any one d claims 13 to 17, 

IS further comprising the step of fluklly sealing the 

e. Acompletionapparalueaccoidingloanyprececfing workslring(12B)pfoxirnalethefirslpackirtgaBeem- 

claim, wherein the firti and second packing assem- Wy (202). 
blies (202.204) comprise packers. 

ie. A method according to any one of ctaims 13 to 18, 

10. Acompletion apparatus accoiding to any preceding so wherein the step o* disposing the liner (122) corn- 
claim. where« at least a portion of the liner (122) prises: coupling the Bner (122) to an end d the work 
has grooved internal and external surfaces. string (1 28); and running the work string (128) into 

the wellbore. 

11. A corrtplotion apparatus accoiding to any preceding 

claim, wherein at least a portion of the Ifier (122) 2S 20. A method according to claim 1 9. further comprising 

has an nterior cross-eectlon made from a generally the step of disposing a sealant (1 24) in a second 

non-elastomeric material, and an exterior cross- annulus defined by ihe liner (1 22) and the wellbore. 
section made from a generally elastomers material. 

21. A nwthod according to daim 20 wherein the step of 

12. A completkxi apparatus according to any preceding 30 disposing sealant (124)compri8es pumping sealant 
claim, wherein the wellbore is a lateral wellbore through the work string (128), the second packing 
j^Q4), assembly (204). the pressurizatton assembly (206), 

the first packing a8sefTt}ly (202), and the liner (1 22). 

13. A method of completing a weliboro.compriaing the and Into the second annulus. 
steps of: disposing a liner (1 22) in a weltoore; cou- 3$ 

pikig a first packing assembly (202). a pressuriza- 22. A method accortfing to any one of claims 1 3 to 21 , 
tion assembly (206). and a second packing assem- wherein at least a portton of the liner (122) has an 
biy (204) to a work string (128); ojnning the woric interior cross-section made from a generalty non- 
string (1 28) into the liner (1 22); creating a flukj tight elastomerk: material, and an exterior cross-sedcn 
seal between the first packing asseo^bly (202) and «> made from a generally etaetomeric matertaL 
the liner (122); creatffig a fluid tight seal between 

the second packkig assembly (204) and the liner 23. A method acconiling to any one of claims 13to22, 

(122); pumping fluid down Ihe wortt string to the wherein the disposing step comprises disposing the 

pressurization assembly (206); utilizing the pres- Hner (122) in a junction (100) between a main well- 

surizatkjn assembly (208) and the fluid to pressu- 4S bore (102) and a lateral welDore (104). 
rize an annulus (146) defned by the pressurizatkHi 

assembly (206). the liner (1 22). the flret packing as- 24. A method according to claim 23, wherein the mn- 

sombly (202). and the second packing assembly ning step comprises running the wort^ string (128) 

(204); and increasing a pressure in the annulus into the liner (122) until the first packing assembly 

(146) so as to dekxm the liner (122) in a radially « (202) is disposed alter the junctkjn (100) and the 

outward directton. second packing assembly (204) is disposed before 

the junctbn (100). 

14. A method according to claim 13. wherein the uiiHz- 

ing step comprises actuating a fluid bypass device 25, A method of completing a woBbore. comprising the 

in tha prassurizatwn assembly (206) to pnovkie a « steps of: disposing a liner (602) in a weltoore. the 

fluki communicating path between an interior of the liner (602) having a first section (604) and a second 

pressurizatton assembly (206) and the annulus section (606), the first section (604) being deform- 

f ^45) able in a radially outward directkx) at a lower pres- 
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sure than the second section (606); coupling a 
packing assembly (fiOO) to a woik string (1 29): run- 
ning the wofk string (128) into the liner (128); cre- 
atkig a fluid tight seal between the pacHing assem- 
bly and the Bner(e02): pumping fluid down the work 
string (129) to pressurize an interior of the liner 
(GQ2) after the packing assembly (600); and in- 
creasing a pressure in the interior of the liner (602) 
so as to defom) the first sectton (604) of the liner 
(602) in a radially outward direction. 

26. A method according to claim 25, wherein the first 
section (604) and the second section (604) are 
made from an identical casing grade, and the first 
sectkjn (604) has a smaller wall thkskness than the 

27. A method accoidino to claim 25. wherein the first 
sectkan and the second sectkxi (604,606) have an 
ktontical wail thickness, the flrst eectkm (604) is 
made from a first casing grade, and the second sec- 
t wn (606) is made from a second casing grade hav- 
ing a yIekJ strength higher than the first casing 
grade. 

2a A method according to claim 25. wherein: the first 
sectkxi (604) is made from a first casing grade and 
has a first waU thtekness; and the second soctkxi 
(606) t8 made from a second casing giade having 
a higher yieU strengtn than the first casing grade, 
and the second sectkxi (606) has a second wall 
thickness greater than the first wall thickness. 

29. Ame!hodaccortfingtoanyonec4claims25to28. 
wherein the packing assembly (600) comprises a 
seal assecnbly that mates with a polished bore re- 
ceptade (610) k)catod in the liner (600). 

30. A method according to any one of claims 25 to 29. 
wherein the packing assembly (602) cxxnprises a 
packer 

31. A method according to any one of daims 25 to 30, 
wherein at least a portion of the first sectton (604) 
of the liner (602) has grooved internal and extemal 
surfaces. 

32. A method according to any one of claims 25 to 31. 
wherein the step of disposing the liner (602) com- 
prises: coupling the liner (602) to an end ol the work 
string (128); and njnning the work string (128) into 
the wellbore. 

33. A method according to any one of claims 25 to 32. 
further comprising the step of disposing a sealant 
(124) in an annulus defined by the liner (602) and 
the wellbore. 



34. A method according to claim 33, wherein the step 
of disposing sealant (1 24) con^rises pumping seat* 
ant through the work string (128), the packing as- 
sembly (600). and the finer (602), and into the an- 

5 nukjs. 

35. A rrwthod according to any one of claims 25 to 34, 
wherein the first sectkxi (604) has an miehor cross- 
section nwdo Irom a generally non-elaston>eric ma- 

10 terial. and an exterk>r cross-sectkxi made from a 
generally elastomerk: material. 

36w A method according to any one of claims 25 to 35. 
wherein the disposing step conr^prises cfisposing the 
IS finer ^S02) in a Junctwn (102) between a main well- 
bore (102) and a lateral weDbore (104) so that the 
first sectton (604) extends throufl^out the junction 
(100). 

so 37. A method according to claim 38, wherein the run- 
nrig step comprises running the work string (128) 
nto the liner (602) untB the packing assembly (600) 
is disposed before the junction (600). 

25 
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